Tissue engineering.
Regenerative medicine holds promise for the restoration of tissues and organs damaged by wear, trauma, neoplasm, or congenital deformity. Tissue engineering combines the disciplines of cell biology and biomedical engineering to effect the design and maturation of various tissues. Despite progress in some areas of tissue regeneration, there has not been significant translation to clinical practice. This article reviews the present understanding of and advances in regenerative medicine, as well as describing limitations in current techniques and areas that need further development. A discussion of the state of the art in the regeneration of skin, cartilage, bone, adipose tissue, and neural tissue is included. Differences between extracorporeal and in-vitro tissue engineering are discussed, as well as tissue engineering principles, including the use of bioactive scaffolds, progenitor cells and stem cells, the need for cellular and tissue patterning, microcirculation development, and the use of external stimuli for differentiation. Much needs to be learned about progenitor cell biology, cell-cell interactions, cellular interactions with the extracellular matrix, and about the cues needed for differentiation of functional tissues. The current limitations in regenerative medicine techniques and the gaps in current knowledge of cellular biology and tissue development represent significant research opportunities in tissue engineering.